112                                  PHYSICS OF THE AIR
in which r = r' sec a, r' and a being the linear and angular (as seen from the center of the earth) radii respectively of the " small circle'7 in which the air is moving, or r = R tan a, R being the radius of the earth, and the other symbols have the meanings given above. The positive sign is used, or the deflective forces are additive, in the northern hemisphere when the course of the wind is counter-clockwise; in the southern hemisphere when the course is clockwise. The negative sign is used in each case when the sense of rotation is reversed. In cyclones, therefore, the total deflecting force is equal to the sum of the centrifugal and rotational deflective forces; in anticyclones to their difference.
When the winds become approximately steady the deflective force obviously is balanced against the gravitational pressure gradient. In symbols,
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in which p is the density of the air, dp the slight difference between the pressures at the ends of the short horizontal distance dn at right angles to the path at the place considered. The meanings of the other symbols are given above. If the gradient is zero (that is, if the air moves without
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Hence, under the assumed conditions, r = R tan a = °o ; that is, a. = 90°, or the path is a great circle. However, these latter equations have but little more than a theoretical interest, since, without the driving force of a pressure gradient, wind velocity can neither be acquired nor (because of friction) maintained.
GRADIENT WIND
Gradient Velocity. — That velocity of the air at which the deflective force due to the rotation of the earth and the centrifugal force jointly balance the horizontal pressure gradient is called the gradient velocity. It does not occur near the surface of the earth, owing to surface friction, including turbulence, but "from kite observations, it appears that at 1500 feet above the surface the agreement' [between the observed and 'gradient' velocities] is generally very close,"1 especially in the absence of thunderstorms and other local disturbances. This does not mean that the wind has the same velocity at all levels beyond }•-% kilometer, but only that above this height the velocity of an approximately steady wind is very nearly the gradient velocity appropriate to the atmospheric density, horizontal pressure gradient, and latitude at the place in question.
1 SHAW, "Forecasting the Weather," 2d Ed., p. 84.

